The UK Biobank, launched in 2006 as a joint venture of the Medical Research Council and the Wellcome Trust, among others, hosts genetic and medical data of 500,000 humans. It is a treasure trove for medical researchers who hope to discover those genetic effects on disease susceptibilities that are too rare, subtle or complex to be picked up with smaller datasets.
Apart from advancing our understanding of health and disease in the living, the Biobank is now also fi nding an application that could hardly have been anticipated in 2006 -it helps to understand the functional signifi cance of genetic variants from Neanderthals.
Modern humans of non-African descent derive on average 2% of their genome from Neanderthal ancestors that interbred with our Palaeolithic ancestors. This surprising fi nding has emerged from the analysis of the fi rst Neanderthal genome completed in 2010, and has since been confi rmed by further genomes and detailed comparisons. The admixture appears to have taken place soon after the ancestors of modern non-African populations emigrated out of Africa, presumably in the Middle East, where they encountered the Neanderthals whose lineage had migrated out of Africa several hundred thousand years earlier.
Genomes have shown us how we are related to Neanderthals and other archaic human subspecies, and when our ways parted, then crossed again. The biomedical databanks can now give us fi rst impressions of what these genes did for the Neanderthals, and what problems they may bring. Simultaneously, Michael Dannemann and Janet Kelso, also at EVA, obtained fi rst results from fi shing for Neanderthal variants in the UK Biobank (Am. J. Hum. Genet. (2017) 101, 578-589). Analysing phenotype information for more than 100,000 participants, the researchers found that Neanderthal genes likely infl uence our external appearance including hair and skin colour. However, the genes don't code for a specifi c 'Neanderthal look' with a
Genes in the bank

Feature
Mingling with Neanderthals
Neanderthals are extinct, but many of their genetic variants are alive and well in modern humans of non-African descent. Large medical biobank projects now enable researchers to trace the effects of those genetic traits. And the story of what was once described as a replacement of Eurasia's archaic populations with modern humans is becoming more complicated. Michael Gross reports.
Face off: Modern humans have more globular skulls than Neanderthals, a difference that can now be linked to genetic variants. (Image: Philipp Gunz, used with permission.) R106 Current Biology 29, R105-R119, February 18, 2019 500,000 participants, to further elucidate the nature of the differences between modern humans and our archaic relatives. After the Neanderthals, the next most interesting group is that of the Denisovans, who to this day are only known by their DNA retrieved from bone fragments. Traces of Denisovan gene variants are found in the modern population of South Asia. As Kelso told Science magazine, she hopes to be able to work with databanks in Asia to discover the genetic imprints of Denisovans in analogy to the work already done for Neanderthals.
Denny's mystery
Denisovans have remained mysterious, as there are no fossil skeletons known that could help us to describe their anatomical features. However, the genome studies of bone fragments from the Denisova cave in the Altai Mountains, Russia, have clearly shown that they do represent a third subspecies of ancient humans somewhat closer to Neanderthals than to ourselves. The genetic separation of Neanderthals and Denisovans is dated to 390,000 years ago, suggesting a split after the common ancestors migrated out of Africa.
Denisovans were named after the cave, which in turn takes its name from an 18 th century hermit who lived there. This connection to a human via a place echoes the etymology of the Neanderthals, named after a valley near Düsseldorf, Germany, where the 17 th century pastor and composer Joachim Neander liked to hold masses and compose hymns.
Given the scarcity of hard evidence on the Denisovans, the discovery made by researchers last year during the sequencing of a genome from a bone fragment expected to be Neanderthal based on its mitochondrial DNA came as a major surprise. Viviane Slon and colleagues at the EVA institute sequenced the nuclear genome of the bone carbon dated to more than 50,000 years and found that it came from the daughter of a Neanderthal mother and a Denisovan father (Nature (2018) 561, 113-116), now known by the nickname of Denny.
The fi rst conspicuous result that the EVA researchers obtained when they compared the new sequence data to the existing high-coverage genomes of two Neanderthals and one Denisovan was that the new genome seemed to share the same degree of similarity with each. This mixed genetic heritage could have meant that the person in question was from a mixed-up family or even from a population drawing equal amounts of genes from both sides.
To establish the timing of the interbreeding, the researchers analysed how well the Denisovan genes and the Neanderthal genes kept together with their own kind within the hybrid genome. The results suggest that, of each chromosome, Denny carried one Neanderthal and one Denisovan version. This proves that her mother, in line with the earlier mitochondrial fi ndings, was a Neanderthal, while her father was of Denisovan descent. Indepth analyses even discovered small amounts of Neanderthal heritage in the paternal chromosomes, pointing to an earlier interbreeding.
Before this shock discovery, evidence of gene fl ow between the human subspecies had always been very remote, like the 2% Neanderthal genes that many people carry today. The closest encounter with such a hybridisation event was the genome of a modern human contemporary of the Neanderthals from Romania, known as Oase 1. That genome, also sequenced by EVA researchers together with David Reich's group at Harvard University, USA, suggested a Neanderthal ancestor between four and six generations back (Nature (2015) 524, 216-219).
The fact that among the small number of ancient genomes sequenced so far there is already one fi rstgeneration hybrid and one person with a recent ancestor from a different group seems to suggest that interbreeding between the three human subspecies that existed simultaneously in Eurasia until 40,000 years ago can't have been that rare, unless we assume the researchers have been incredibly lucky. On the other hand, it can't have been happening all the time, or else we wouldn't see the clear genetic separation between the three groups.
In the case of Denny, there is an obvious sampling bias at work -the bone fragments of the Denisova cave were only scrutinised for ancient DNA because Neanderthal remains had been discovered there earlier, and a Neanderthal genome had successfully specifi c set of hair and skin phenotypes, as Neanderthals themselves appear to have had many different shades of skin tones and hair colours.
This fi nding is both interesting and plausible as the ancestors of Neanderthals migrated out of Africa and arrived in higher latitudes a few hundred thousand years earlier than modern humans. Thus, they had more time to adapt to the colder climate and reduced sunlight, and these adaptive traits may also have helped descendents of mixed origin.
In the most recent investigation of Neanderthal and modern genotypes and phenotypes, EVA researcher Philipp Gunz and colleagues have addressed one of the more conspicuous anatomical differences, namely that our braincase is much more spherical than that of Neanderthals (Curr. Biol. (2019) 29, 120-127) .
Based on MRI studies of 4,468 Europeans, the researchers developed an index of endocranial shapes and looked for correlations with Neanderthal gene variants (SNPs). They found that alleles on chromosomes 1 and 18 are associated with a less rounded shape. These alleles are involved in the regulation of nearby genes affecting brain development.
Currently, Kelso and others continue to work with the UK Biobank, now based on the entire data treasure of been sequenced. Thus, the Denisovans and Denny were discovered only because they frequented the same location as Neanderthals. The Denisova cave may be an exceptional location where the range of Denisovans, presumably limited to parts of Asia, overlapped with that of the Neanderthal mostly found in Europe. New and improved age estimates for the fossil remains found in the cave have just been published as this article went to press (Nature (2019) 565, 640-644).
The situation is very different for the mingling of archaic populations with modern humans, who replaced Neanderthals in Europe and Denisovans in Asia.
Culture transition
The rapidly growing knowledge of ancient DNA tells us that Neanderthals and Denisovans mingled with each other on various occasions. The big question left to answer is how and why the other two subspecies became extinct while ours survived. This issue is especially poignant in Europe, where a widespread Neanderthal population present until around 40,000 years ago gave way to the Cro-Magnon ancient Europeans.
This replacement is visible as a culture change in the archaeological record, where the 'Mousterian' tools of the Neanderthals are followed by the 'Aurignacian' tools of the fi rst modern Europeans. The Iberian peninsula, often considered the last refuge of Neanderthals as modern humans expanded into Europe from the Middle East, is particularly rich in fi nds of late Neanderthal remains that may shed light on their fate and the takeover by modern humans.
The cave Sima de las Palomas in the Murcia province of southern Spain, for instance, has yielded remains of 15 mostly young Neanderthals, from levels dated to 130,000 to 42,000 years ago. "These remains include articulated skeletons of two adults and a child that likely were covered by stones intentionally 55,000-50,000 years ago, maybe to dissuade scavenging by leopards," explains Michael Walker from the University of Murcia, who has led excavations at the site since the 1990s. Together with Erik Trinkaus from Washington University at St. Louis, USA, he has recently published a book The people of Palomas are intriguing in that they appear to have died young, although they show no signs of injury or disease. Their anatomical features clearly identify them as Neanderthals, although some details also extend the range of anatomical variability known so far. This is most likely due to the limited number of skeletons known so far, but in the absence of DNA evidence one could speculate that some kind of population admixture could have produced the unexpected features.
Elsewhere in Spain, a new study of Bajondillo Cave near Malaga documents a takeover by modern humans around 44,000 years ago, which is much earlier than in other locations across the Iberian peninsula (Nat. Ecol. Evol. (2019) 3, 207-212) . Co-author Chris Stringer from the Natural History Museum in London, UK, said, "Finding such an early Aurignacian from a cave so close to the sea adds to speculation that the Mediterranean coast could have been used by modern humans dispersing into Europe. This dating also fi ts with growing evidence that Homo sapiens had already spread rapidly across much of Eurasia more than 40,000 years ago".
Early arrival of modern humans allows more time for interactions with the resident Neanderthals -either in friendly or in hostile ways. Gili Greenbaum from Stanford University, USA, and colleagues have proposed that interactions between the separate populations were the driver of the cultural transition observed in the archaeological record at the boundary between Middle and Upper Palaeolithic, around 40,000 years ago (Qua. Sci. Rev. (2019) https://doi.org/10.1016/j. quascirev.2018.12.011).
"We view this transition as a dynamic process of cultural evolution that occurred in complex, highly structured, cultural and demographic contexts, both in space and in time," the authors conclude. "This view emphasizes joint considerations of ecological, demographic, evolutionary, and culturalevolutionary dynamics, in order to better understand the transition."
Eurasia was at a crossroads 40,000 years ago. At least three separate human subspecies mingled and competed. Only one survived and evolved the ability to work out what happened.
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